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•UMMARY OP THE QUARTERLY ACTIVITY AND THE RELAVANT RESULTS 

SofTW qutlitttivt rttultt hav« bMn obtaintd out of tht oxp«rtmtnt of rtfloctanot mmur» 
mints undir grwnhouw condition. This txptrimmt being oonoiivid for pinpointing the most 
iignificint radioimtric futurw of tfw two most diffund viriitlm of riot on tut-siti no. 1, 

•n iffort hn bun midi to oomiiti pfwrK>logi€il stags^ production stkI radiometric measure- 
manta. As a conduaion of this particular experiment on rica pots, it has been found that tha 
firit order effect of expoaure variability to sun irradiation is responsible for different rice 
productivity ciassaa. To each dais different apectronadiometric reflectance values of 
Pm/P4 ratio correspond. Variability effects of rice variety ard fertilization become of 
^ a acond order baesuaa they result to be almost completely me s ka d by the first order effects. 

Relationships between veriability characters and phenoiogic itagss of opao-field rice have 
been investigated. An attempt has been made to find out a mathematical description of the 
soriability that is a characteristic of the parameters measured on rice cultivation. Reflectance 
values in the LANOSAT channels arxJ agronomic data have been considered. It was possible 
to note that the sequence of all the characteristic phenoiogic stages connected with the rice 
plants development produces either a change in sign or an inversion or at least a slope change 
in tha statistical Pearson coefficient curves. This demonstrates that variability is probably a 
vary uaaful tool for discrimination of rica phenoiogic stages. 

0 

Preparation of the data collected on the JRC lysimeters by BQI has been nearly completed. 
Agronomic and radiometric data have been procssssd and stored either on punched cards 
and on minicssaattas. Calculations and evaluations are in progress conosming application to 
rica fiaid condition of a multi-layer canopy nwdel. 

Computer-aided classification and inventory of poplars afforested areas using some 1975 
LANDSAT scenes have been made. The study showed that acreage estimation of poplar gro- 
vas from LANDSAT satellite data, in European land situations with reduced planted areas, 
is able to give useful results, in rather operative conditions, when the input parameters for 
the automatic classification method are evaluated over reduced training umples of the area 
studied or even apart from it. A way to improve the accuracy of the results and to limit the 
dispersion they may have when processing separately several scenes, in a time sequence, over 
the same geographicai area, seents to be a merging of data. Processing of dau of several 
acerws as a unique data set of higher dimensionality has proved to reduce misclassificstions 
M wall as partial dassifications so that the inventory of wood production results move 
reiiabie. The global accuracy achieved for separate NASA scene processings is sround 20% 
of the areas estimated, while processing three scenes together brings the accuracy to better 
values, up to 5% in the best case, for poplar groves of more than three years old. 
Dimensionality reduction in the data from 12 to 6 was proven by principal components 
analysis and has given encouraging results. 

Application of classification technique to rice fields has been continued. The accuracy 
achieved for rice inventory (»2o % error in rice area evaluation) by processing the single 
15/6/75 scene is far from that obtained by level slicing on the 10/7/73 scene (3% error, 
see 2nd APR). Further studies will be devoted to process other successive available scenes 
corresponding to different phenologies! conditions over the same geographical area of test- 
site no. 1, first separately and then by merging the data together in order to improve the 
results. 


W 
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INTRODUC TION 


Tha activity horein reported (February 15th - May 15th,. 1976) is 
the continuation of the preceeding testa which were carried out 
on the Italian test-sites after the LA.NDSAT-2 launch by ^e Joint 
Research Center - Ispra in collaboration with the Biology Group 
of the Directorate General for Science and Education and the 
Italian Institutes and organisations in the frame of the LANDSAT-2 
follow-on inve.>tigation No. 28790 (AGREiSTE PROJECT). 

2. LANDSAT-2 IMAGERY ACQUISITION FOR THE ITALIAN TEST-SITES 

The CCT tapes ordered from the NASA by the JRC and corresponding 
to seven scenes for the Italian test-sites (from 2144-09331 to 
2234-09322; see 2nd QPR. 3 . , Table 2 , page 3) arrived at Ispra. 

Some of them have been immediately processed. Following up an 
offer from TELESPAZIO to the JRC. a quick look has been . estod 
for selected Northern Italian imagery in order to fill the gap due 
to some important scenes missing for irrigated crop (rice) investi- 
gation (see 2nd QPR, 3. , page 2). 

3. A CTIVITY PERFORMED OVER THE CONSIDERED PERIOD 

During this 3rd quarterly period of the AGRESTE investigation, the 
activity has been carried out on the following objectives (nee 2nd QPR, 
3. 1, page 3): 

1) Rice investigation: 

- processing and interpretation of greenhouse, lysimeljr 
and field data for correlating reflectance with biomass 
characteristics 

- completion of some satellite reference ground -truth maps 

2) Forest investigation: 

- C'jmpletion of some satellite reference ground-^ruth maps 

ORIGINAL PAGE Lj 
OF POOR QUALTIY 


Table 1 : Task distribution among the AGRESTE eo-i 
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3) Computer-aided interpretation of satellite data: 

- application of classification algorithms to some selected 

areas of rice and poplars on test-site no. 1 
* 

- research of the best approach for classification of na- 
tural forest (beeches) 

Special emphasis has been put on: 

- processing and interpretation of grrsnhouse and open-field 

data 

- classification and inventory of rice fields and poplar 
afforestation 

The distribution of tasks is summarised in Table 1. The test-sones 
for the above research are shown in Fig. 1. 

3.2 WC^IN^MTIGATIO^ 

3. 2. 1 Results of rice reflectance tneasuroments under j^reenhouse^conditions 

Radiometric measurements were performed by ISC and JRC on ten pots oi 
rice cultivated undor greenhouse conditions (see lstQPR» 3.2.1, page 20). 
In Table 2 the values of production per pot at harvest are reported. 


Table 2 : Production per pot at harvest 


Sample 

(pot) 

No 

Variety 

FaTilisation 

Index 

Production (gr/pot) 

Grain 

Straw 

Total 

Biomau 

1 

Arbor to 

.40 

60.20 

90.50 

150.70 

2 

Roma 

140 

54.93 

&6.15 

151.08 

3 

Arborio 

140 

64.28 

105.14 

169.42 

4 

Roma 

40 

49.33 

98.36 

147.69 

5 

Roma 

40 

50.27 

92.98 

150.25 

6 

'■Jonw 

140 

34.55 

64.01 

98.56 

7 

Arborio 

140 

41.51 . 

72.92 

114.43 

8 

Arborio 

40 

34.50 

61.76 

96.26 

9 

Roma 

140 

24.21 

63.50 

87.71 

10 



Arborio 

40 

46.72 

70.68 

117.40 
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Production of caryopaic (grain), atraw and total biomaaa haa boon 
moaaured and ia oxproaaed in relative unite (gr/pot). From a firat 
analyaia of the data it roaulta that, in apite of the variability 
introduced by aome typical parametora aa rice variety and 
fertiliaation, the greenhouao rice can be regrouped in two dif- 
ferent claaeoa. The firat claea includea pota no. 1 to 5 with 
relatively high productivity (a. 150 r.u. ), while the aecond claaa 
refera to pota no. 6 to 10 with relate ely low productivity (a. iOO r.u. 
An analyaia of the experimental aet-up inaide the greenhouae (aee 
let QPR, Fig. 2-2) haa made evident that the aeparation into two 
claaaea cornea mainly from two different aun irradiation conditions. 
In fact, pota no. 1 to 5 belong to an upper row wliich waa in contact 
with the South-wall of the greenhouse. Tho effect of this arrange- 
ment was just to reduce the sun irradiation impinging on the lower 
row of the rice pota no. 6 to 10. Therefore, the relatively lo'v 
production of grain and of the total bio-maaa for the latter ones 
may bo explained in terms of a Imver incoming energy which has 
altered and delayed the vegetative cycle of tho rice of one row in 
respect to the other . 

From a radiometric point of view this two-claas regroupement can be 
put in evidence by extracting reflectance data for tho LANDSAT bands 
4 and 6 from Table 2.2 of 1st QPR. 

These bands have been chosen in preference to bands 5 and 7 (which 
a ^ almost equivalent with regard to the radiometric amount of in- 
formation on vegetation) because the latter onoJ were affected by 
an error introduced by the experimental procedure for obtaining 
integral values on LANDSAT bands out of the differential measured 
spectra/^/. 

In Fig. 2 the mean values of reflectance for band 4 and 6 are re* 
ported as a function of time after germination respectively for pots 
no. 1 to 5 (dashed line) and for pots no. 6 to 10 (continuous line). 




It can be obaorved that in both cases the two lines arc significantly 
divergent after day 76. This result can be interpreted as an effect 
of the dir< st sun Irradiance which became gradually prevalent 
with regard to the greenhouse artificial light. In fact* fog which 
was prevailing in the region of Vercelli before that time, was since 
then more and more reducing while tho days were growing longer. 

In Table 3 values of the ratio are reported for different days 

and pots. An overall indication of the behaviour of versus 

time has been attempte<^ (mean values) separately for the two rice 
classes. In Fig. 3 the results are reproduced respectively as a 
dashed line for p^s no. 1 to 5 and as a continuous line for pots 
no. 6 to 10. 

la spite of the coarseness of the approach adopted, also these 
curves show almost the same behaviour unt‘1 the time of earing/ 
flowering (day 96). From this day on the ratio Pf/Pn for the best 
exposed rice pots shows a continuous decrease as the rice begins 
to ripen, until tho harvesting. 

The less exposed rice pots arc radiometrically characterised by 
o behaviour which, after a prompt decrease at day 104 (pro- 

bably in coincidence with flowering), resumes an increase. 

All this appears to be representative for a vegetative vigour which 
was delayed with regard to the normal growing cycle. In this respect 
the radiometrically detected temporal alteration of the growing cycle 
due to lower amounts of incoming solar energy in the greenhouse, is 
to be considered responsible for tho reduced production of the second 
rice class. 

Conclusions 

As a conclusion of this particular experiment on rice pots, it has 
been found that the first order effect of exposure variability to sun 
irradiation is responsible for different rice productivity classes. 
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RG 3 - Evolution of ratio P6/P4 dori..5 Uie plujfK>togieil cyete of riet 
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To each class different spectro-radiometric reflectance values 
of pf and pg/p^ ratio correspond. Variability effects of 
rice variety and lortilisation become of second order because 
they result to be almost completely masked by the first order 
effects. 

3. 2. 2 Measurement campaigns on rice fields and 1/simetors 

3. 2. 2. 1 Processing of data gathered on the JRC's lysimeters 

Preparation of the data collected on the JRC lysimi tors by BGI 
is being nearly completed. 

Agronomic data . All field data have been processed and 
sifted following this procedure: 

a) putting data on a punched cara form 

b) tabulating data for different combinations of lysimoter cells 
aivl fie Id -drawing dates, which permitted to put in evidence 
and to eliminate immediately spurious data. Tables sum- 
marizo agronomic data listed on 1st QPR (3. 3.2. 1. page 23) 
for sampling operated on different cells. Basic statistical 
calculations have also been included (see Table 4a). 

c) data have been finally stored on minicassettes for an easier 
and faster data processing and interpretation. 

Leaf surface values (as those listed in Table 4b) have been 
obtained by means of a program which has also been used in 
order to calculate successive cummulations of partial leaf index 
for iny rice cell in relation with different growth stages. Storage of 
more than 40.000 data has been performed. 

The results of the chemical analysis for the N 2 content determination 
(for halms, }>anicles and lysimeter hearth) will be available by the 
end of July. 

Radiometric data . Reflectance data liave ba«^n processed se- 
parately as far as data gathct’od respectively by means oi 
OP'J’RONICS mod. 760 and of EXOTECH mod. 100 is coacerned. 


TabM 4a : Example of tabulation summarizing agronornie data of 1975 lyiimttar eampaign 


KSAJ 3 

K> Bf tA rAICEUJ 11 

ifti joujc ixtja iz rtpiquase io7 


I CRAUxr TiVJ^va 

HAXm bUH (1) tWiZ (1) 


rOIDS SEC (ORS) 

(ZAHICUTE (3) , zuvrrs 
I(1)*(2)»(3) 


c'Aurz miLEz 

♦VAb'ICtTuli 


raiBiTion 


(1)0U(1) 


(CTJ) 

(i)oa(i) 


93.71 

S0.9C 

•7.29 

104.13 


91. SS 
65.09 
100.63 
134.79 
46.33 


3BR2 D3 00r:32ES 

rx'Yvrrri; 

SC»R;-?7?3 

fi-vr. ’ •55Aj.’ai?o 

;;i3srtr.T:.r3 

-of.^osra 


3.000 ] 


3.560 

i 

6.960 

1 420 

72.14 

t 

2.6C5 

2.950 

1 

9.595 

<09 

42.36 

1 

2.140 

2.870 

t 

4.SS0 

407 

49.S5 


1.690 

2.400 • 

. 

9.290 

405 

64.65 


4.190 

1 530 

j !_ 

26.09 

3.720 

366 

61.12 

4 

14 

1 

17 

4 

16 . 16 ! 
9.231 1 362.20 ' 

18 

3.463 

2.637 

2.384 

23.54 

74.54 

.593 

! .970 

.677 

2.52 . ! 

1.491 j 

i j 

; 23.66 

.199 

.259 

1 

.164 j 

1.16 

.351 1 

I 6.49 ^ 

’ 5.53 

[ 

.036 

1 

•.310 

SA 

0 

• 

1 

.07 . 

-1.650 1 

I .30 

.60 

.612 

3.419 

' 1.823 ! 

.66 .| 

5.770 

1.67 

>.07 


IGINAL 
POOR ( 







TabI* 4b : Exampla of tabulation of eumulativa partial laaf indax 
valuas for 1975 rioa lytimatan 
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OPTRONICS mod. 760 data. Spectral r> Ac eta nee curve* have 
been digitised on the wavelength ra. ;'t« (0; 4 - 1.06) 
with a resolution of 10 nm. Proceasln:: of the pM'^ched tape 
data has been performed making uee of 'pedal software. 
Integration took place on the four LANDSAT spectral bands 
(soe Table Sa). The phenologic extent of the niue‘measure« 
moats psriod being sufficiently large (early 7u7y to end 
September), it seems that coherent and satisfactory results 
can be obtained. 

EXOTECH mod. 100. Fifteen measurements have been made in 
the period early August to middle October. All the data have 
been processed following the same procedure as the one 
adopted for agronomic data (see Table ?b). 

Thj present effort is concentrated in the following directions: 

- differentiating rice lysimetors on an agronomic point of view 
(folio^ving the principal influencing parameters: fertilisation and 
tranitplanting) 

- establishing relationships between rice plienological cyclb characte- 
ristics and its spectral responsa 

- obtaining some information on the possibility of correlating rice 
reflectance properties with productivity 

3. 2. 2. 2 Connections between variability characters and phenolugic stages of 
open-field rice 

The results gained out of the campaign on rice fields in Vercelli in 

1974 showed that any time dependent model of the plant growth and 
development should take into account the wide variability that is a 
characteristic o* the parameters measured on open field cultivation. 
According to thesu cunsidcraLions it seemed convenient to devote the 

1975 campaign t«, the attempt of finding out a mathematical descrip- 
tion of such variability and some possible connections with rice 
phenologic stJ’ges. For this purpose a rice field of the ISC at Ver- 
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Tabk K« : Exampla of tabulation of digitaiad OPTRONICS mod. 760 eurvM (oontinuoM vvavalangth 
ranga 0.4 + 1.06 pm, raaol. 10 pm). Intagration hat baan mada on tha 4 LANOSAT channaU 
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Table 5b : Example of talMilation of EXOTECH mod. 100 data for the 1975 lysi meter campaign 
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celli waa fubdlvldad into thirty ideal cell* oa which every week 
measurements were performed (from July to October) according 
to the following procedure: 

a) measurement of reflectance in the four LANDSAT channels (by 
means of an KXOT£CH mod. lUO radiometer) on two points 
randomly selected on each cell 

b) evaluation of the weight of wet and dried biomass (halms and panicles) 
of 1 0 rice plants randomly withdrawn in each cell. 


Our of the data collected (60 measurements concerning point a). 

30 fie Id -drawings concerning point h)), the following parameters have 
been calculated: 


- mean value 


(/O 


- standard deviation (o) 1 £ (xj — p)’ 

- Pearron coefficient (^ « ~ ■ ■ ■' 


‘ ■ ' ) where xj are med4>ored. 

reflectance values. 

The values of yu. o , a/ yu, P have been plotted against time, both 
for radiometric and ground collected data. The time zero corresponds 
to the first measuremtnt day. At this moment it is not yet possible 
to draw satisfactory conclusions about the ground collected data 
because the interpretatiori of some apparent anomalies requires 
further investigation on the local conditions which may have influenced 
some sampling operation. 


On the other hand very interesting considerations can be made on 
the reflectance diagrams shown in Figs. 4 and 5 for the lANDSAT 
channels 5 and 7, particularly as far as the behaviour of the PearSon 
coefficient is concerned. In fact, looking at the diagrams of the 
Pearson coefficient related to the two radiometric channels 5 and 7 
and ii-j), one can observe some poouliar coincidences in cor- 
respondence of well defined days (see Table 6). 
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TIm nralts b««n in tha diagram of Fig, 4, whoro 

tko phonologic otagoi arc aoaociatod with tiao time oealo. Wo aoto 
that tho ooqooaco of all tho eharactoriotic phonologic otagoo con- 
noctod with tho rico planto dovolopmont producoo oithor a chango 
in sign or an invorolon or at l#*aot a olopo chango in tho PoarOon 
cootticiont enrvoo. 


At this Otago of tho roooarch it io not doomod wioo to try to got 
down into moro dotailod analyoio on tho batlo of tho fow moaonromonto 
porformod at VoreoUi in only a fow largo opoctrftl bands. Novor* 
tholoss it appoars that tho variability analysis io probably a vary 
osoful tool for tho idooiification of rico phonologies stagos and 
honco a good start towards tho dotormination of a timo dopondont 
modal of tho plant growth and dovolopmont. 

3. 2. 3 Application jttf a mj^ modal to_fl 5 *_tl 5 jd_conditlon 

JRC calculations and ovaluations aro in progress. An AGRESTE 
report is in preparation. 

3. 2. 4 Crpu^jt ru^ 

Tho ground-truth rico acreage for a tost area on test- site no. 1 has 
been calculated out of a reconstituted map as indicated in 3. 4. 1 . 1 . 
page 11 by means of of iSf. 
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s.s.i 

TIm groond-tnath acr«ag« calealatiooj and map praparation hava 
baan parformad for two taat-araaa of taat-alta no. 1 aa indieatad 
in S.4.1.2, paga 14. 

S. 4 ^TJELUn .DATA .PROCEUING AND^rnTJCRFIlETAm 

S.4. 1. 1 Claaaifieation and invantory of riea enltivatad araaa 

Aa mantionad in tha 2nd QPR (2. . paga 2) aoma important 1975 acanaa 
ara miaaing for irrigatad crop (riea) which would corraapond to a 
paculiar terming aituation on taat-aita no. 2: fiald flooding. Tha 
pariod concamad rangaa from mid April to baginning of Jana* whan 
watar aurfaca of floodad riea fialda ia fraa from vagatation. Owing 
to thia abaanca a firat important diacrimination of riea cultivatad 
araaa out of tha contaxt* uaing a aimpla laval alicing tachniqua 
(aaa 1 at QPR* 2. 2. 3. 3. 2* pagaa 17*18) waa not poaaibla. 

Tha satallita acena uaad for tha data procaaaing application, hara- 
undar raportad* ia tha aarliaat availabla (in 1975) for riea invaatigation. 

It rafara to tha June 15th aituation whan canopy spectral diffarances 
of rice growing in varioris places introduce a high variability of re- 
flectance data gathered by the satellite. This caused difficulties for 
discrimination of rice out of other surrounding vegetal species. 

2 

The work concerned a rectangular satellite frame of 9x3. 25 km 
on test-site no. 1 including the town of Mortaea (tee Fig. 1). For 
this sons the ground-truth rice acreage was calculated by: 

a) tranrferring the rice fields location from the cadastral maps on 
en aerial photo coverage made in August 1975 

b) computing the rice areas out of a digitized contour mapping of rice 
fields. (This has been performed by A. Lapietra^ISP. ) 

The overall error of this procedure is less than Z% of the evaluated area. 

4 

I 

i 

__ i 


• la • 


TIm 1AND8AT-2 dif ital data war# first iavaatigatad by comMaiaf a 
elaatariag mathod with aa oaifonnity mapping procadnra. Tha 
aneUdiaa diataaca has baaa asad aa a similarity maasara batwaaa 
data raetors. This eombiaatioa was choaaa ia ordar to pat ia 
aridaaea elastars of data poiata arhich maks aaaaa from tha 

point of viaw of thair gaographieal locatioa and to map thorn aa 

• ^ 

a foaetioa of thair aaiformity dagraa. 

Aa a rasalt of saeh pralimiaary aaalyaia, foar "clasaoi^' of riea 
(R| to II 4 ) arara idaatifiad haring aach a aaimodal distribation 
feaetion for aach chaaaol and a rathar narrow rarianea valaa. 

Tha ralavant maaa rahiaa {ja) and rarianea ralaao (a*) ara ra- 
portad ia Tabla 7. 


Tablo 7 : Mmo and varianea vahias for tha firat Mt of rieo dawM 


LAMD8AT-2 MSS ehannalt 
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8 
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24.4 21.8 

0.247 0.247 


60.1 

1.46 


1 

i 


"2 


a 


24A 

0.726 


21 A 46.8 

0.388 1.71 


"3 


a 


26.6 27 6 

0.903 1.o4 


46.2 

1.40 


7 


21.6 

1.10 


18.7 

1.16 


19.6 

1.24 


«4 


26.3 

1.83 


23J 

2.00 


42.18 

4.1 


16A 

1.20 
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SooM DOo-ric« clatMS w«m also id«akifi«d oot of tbo rico Invostifatod 
Moa by moaao of tho oboro proeoduro. 

Startiag from tho tour rico claoooo and from throo aoa-rlco claoooo* 
a first claoolfleation and mappinf of tho sono ondor otudy wao por- 
forzBod ooing a maximum likolihood claooifior* Ao oiqpoetod, thio 
otop garo oomo ovor*oUod rooulto in porcont of tho ovorall rico 
eoltiTatod aroa (50%) comparod with tho roforonco ground-truth 
Talao (S5%). But it wao takon ao a baoio in ordor to dofino (in 
coonoction with tho ground-truth) fivo quito roliablo oampUng 
aroao which corroopond to fivo rico claoooo (Ri/z to Rg/z). 

Tho corrooponding training ooto woro cloanod from marginal or 
aaomalouo pointo in ordor to onablo that thoy oidiibit unimodal 
diotributiono. No caro wao purpoooly dovotod to tho fact that tho 
now claoooo aro largoly ovorlapping (owing to tho groat varianco 
valnoo» ao ohown in Tablo 8), in ordor to hoop tho ontiro varianco 
amounto of tho rico data (providod thoy aro oplittod in unimodal 
diotributiono woU fittod for tho maximum likolihood claooifior). 


TaMo 8 : Moan and varianeo vakm for tha toeond Mt of riea 



LAND8AT-2 MSWiannolt 


1 4 

1 S 1 6 1 
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24.3 

21.7 

46.9 

19.1 

1.11 

0.93J 

9.18 

3.37 

28£ 

20B 

43.2 

17.2 

1.16 

0B21 

36.7 

14.0 

26.3 

22.8 

46.2 

18.3 

1.37 

2.11 

11.6 

4.84 

27B 

26.1 

48.0 

19.1 

1.84 

3.07 

12.6 

3.34 

26.1 

23.4 

46.3 

17.9 

1.86 

2.89 

21.6 

9.04 
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Th« cUatlfication and mapping raauUa uaing this aaeond aat of 
elaasaa togothar with thraa non-rica claaaaa, ahowad that a trtda* 
off waa naadad batnraan non*racognition of rica aonaa and mia- 
claaaification aa rica of non-rica aonaa by aatting a propar 
"mambarahip thraahold" on rica claaaaa. Tha claaaification 
raaolta ara mappad in Fig. 7b • nd can ba comparad to tha 
ground-truth diaplayad in Fig. Thay wara obtainad by aatting 
on aach rica claaa a ra Jaction thraahold of of tha maximum 
probability of tha corraaponding claaa diatribution. 

Tha global rica parcantaga araa waa found to ba 43%. whila tha 
g round -truth valua waa 35.5%. 

Concluaiona 

It muat'ba no tad that tha accuracy achiavad for rica invantory 

I 

(2f%arror in rica araa avaluation) by procaaaing tha aingla 15/6/75 
acana ia far from tha ona obtainad by laval alicing on tha 10/7/73 
acana (3% arror. aaa 2nd QPR). Furthar atudiaa will be davotad 
to procaaa othar auccaasiva availabla acanaa corraaponding to 
diffarant phanological conditiona cvar tha s&ma gaographical araa 
of taat-aita no. 1. firat aaparataly and than by marging the data 
together for improving the reaxilta. 

3. 4. 1.2 Claaaification and invantory of poplar afforested areas. 

In this section synthetic results gained from the analysis of three 1975 
IANDSAT-2 scenes ara reported. Two afforested zones along the Po 
river have been investigated. The first, TA2. has an area of 16 km^. 
The second. TA3. has an area of 17 km and is situated 50 km down- 
stream to the first one, at the confluence of the Po and its tributary 
the Ticino. These zones are both typical for poplar cultivation in 
Italy, which is concentrated for about 25% along the Po river and 
udiich asf.umes a great importance in the production of wood pulp for 
the paper industry. (See Fig. 1) 
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TIm rtUvant ground-truth (Figs. 8 and 9) woro obtainad by maano 
of convantional photo intarpratation of an aarial L R. photographic 
covaraga (aeala l/lOOOO) which waa parformad by ISP inAuguat 
1979 (aaa latQPR» 3. 3.1.1, paga 31). Araal parcantagaa of 
poplar plantationa hava baan calculatad in tha aama way aa for 
tha ground rafaraiMa rica fialda (3rd QPR, 3. 4.1.1). Poplara 
wara aubdividad by ISP into thraa/four claaaaa, corraaponding to 
ditfarant aga and davalopmant valuaa, aa indicatad in Tabla 9. 

Each claaa corraaponda to a diffarant ranga of ralativa grown 
dimanaion. i.a. of parcantaga of ground covaraga by poplar foliaga 
aaan by tha aatallita. Tha dataa.of tha thraa LANDSAT-2 acanaa 
(1979) conaidarad for thia invaatigation ara Juna 15th, July 3rd and 

t 

Saptambar 13th. 

A aiq>arviaad claaaification procadura waa appliad. Tha ganaral 
idaa waa to parform training of claaaification algorithm in a faw 
limited aonaa of araa TA2 for tha thraa NASA acanaa and thua to 
chack. from an oparativa point of view, tha raliability of the claa- 
aification raaulta for tha whole araa TA2 and, moreover, for araa 
TA3 where no training waa dona/^* ^/. Training of maximum like- 
lihood algorithm waa parformad on three poplar grovea of TAg 
belonging to claaaea 3 and 4. A mapping view of the sone TA2 ia 
reported in Fig. 8. The training aample area ia located to .ne South 
of the Po river, where preaence of poplara of claaaea 3 and 4 ia 
dominant. 

Zonaa TA2 and TA^ were then claaaified aeparately for each acene 
atarting from training of the above aample of zone TAi. The reaulta 
demonatrat a good capacity of the method of recognizing poplar grovea 
of claaaea 3 and 4. In apite of a general tendency to miaclaasify aome 
areaa (non-poplar objecta claaaified aa poplara), it waa poaaible to 
recognize a couple of poplar grovea of claaa 2 on the acenea of 
reapectively June 15th and September 13th. 











for KMiiQlkg bcri* 1i 
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No training was ratainad on poplar grovaa of claaaaa 1 and 2. In (act* 
it appaarad that tha corraaponding ground covaraga ia not aufficiant 
in thia caaa and tha variability of ground condiona (mainly dua to 
diffarant typaa of low vagatation) cauaaa a graat diaparaion of tha 
claaaification raaulta. 

A ramarkabla improvamant waa obtainad by applying a marging tach- 
niqua to tha data of tha thraa acenaa, Thay ware procaaaad togathar aa 
two aaparata twelva-channal data aata for xonaa TA 2 and TA 3 . For 
thia purpoaa tha ovarlay of tha data of tha thraa acanaa waa parfor- 
mad for aach zone with a maximum error of half a pixel in the two 
directiona (line a and columna). 


I 

Reaulta are diaplayed in Figa. 10 and 11, It appeara that almoat all 
the poplar ^rovea of claaaea 3 and 4 are recognized aa only grovea 
of theae two claaaea. In thia caae miaclaaaification ia reduced to 
a minimum aa appeara in the quantitative reaulta reported in Table IP. 

Table 10 : % of poplar afforested areas for classes 3 and 4. Results of 
dassification by max. likalihood are compared with ground-truth 



TA2% 

TA3% 

Ground-truth 

15.2 

17.5 

Digital classification 

14.5 

14.5 

Error 

-5 

-17 


Concluaiona 

Aa a conaequence of the application of three scenes merging technique: 

a) cancellation of most of the miaclaaaification effects in the individual 
scene processings can be obtained, and 

b) a clear recognition (and inventory) of the poplar groves of classes 
3 and 4 becomes possible. 

This result is important considering that those two older age and de« 
velopment classes are quite representative for the whole poplar life. 
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la fact, thaaa two oldor claaaos contain all the wood avallablo each 
yoar for iadaatrial aaods, Uo. 90% of tho ovorall timber volumo, 

Aa tho data from 12 channola arc likoly to bo redundant, a feature 
selection to reduce the number of the channels will be investigated 
late r 9n« 

3.4. 2. 3 Classification of natural beech forest 

Work has been started using supervised and non-supervised technique 
on test'Site no. 3. over the natural beech areas to the West of 
Cuneo (Vallone dell'Arma) using as ground*truth an aerial I. R. 
photo coverage performed in 1974 and interpreted in 1975 by the 
INPL's specialists. 
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